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Abstract 
Although the importance of dietary fibers to contribute to the nutrient supply in chickens is rather 
limited, fibers may interfere with the digestion of other nutrients through their effects on 
physicochemical properties of the digesta, thereby influencing nutrient accessibility, bulking properties, 
microbial activity, gut physiology and function, endogenous secretions, and flow of digesta through the 
GIT. Recent literature highlights the importance of dietary fibers for the regulation of digesta flow in 
the upper digestive tract, mainly through a prolonged retention of digesta in the gizzard. Furthermore, 
fiber may also be important for the regulation of digesta transit in other GIT segments. High fiber diets 
promote the separation of solid and liquid digesta and the amount of fiber directed to the ceca, seems 
to be influenced by fiber properties, as particle size and solubility. 
Introduction 
Nutrient digestion and absorption throughout the gastrointestinal tract (GIT) is a complex, dynamic 
process dependent on many factors, such as enzymatic hydrolysis, secretion of digestive juices, grinding, 
mixing and transit of digesta, microbial colonization, and fermentation including the formation of 
fermentation end-products. Hence, eventual fate of nutrients in the GIT of the animal is the result of many 
processes influenced by several animal-, environmental-, and diet-related factors. 
The true nutritional value of diets results from complex, chemical and physical interactions between 
dietary components occurring inside the digestive tract, rather than being the simple sum of the 
assumed feeding values based on of the individual ingredients. Particularly fibers may considerably 
interfere with the digestion of other nutrients through their effects on physicochemical properties of the 
digesta, thereby influencing nutrient accessibility, bulking properties, microbial activity, gut physiology 
and function, endogenous secretions, and flow of digesta through the GIT[1-7]. It is generally believed 
that fiber degradation in poultry is low and that role of fiber in energy supply to the bird is minor[9], 
whereas the indirect effects on the nutritional value due to interactions with other nutrients may be 
considerable. For example, various soluble fiber sources have been found to reduce digestion of protein, 
starch, and fat in the upper GIT[10-12], whereas insoluble fiber sources as oat hulls, may improve nutrient 
digestibility[9, 14]. The adverse effects of soluble fibers are mainly explained by their viscous nature and 
fiber-degrading enzymes (as β- glucanases and xylanases) are generally added to poultry diets to reduce 
these effects. The beneficial effects of insoluble fibers likely result from improved development of the 
muscular gizzard and are generally ascribed to the physical structure of the fibrous ingredients. Hence, 
fibers or coarse particles are often added to the feed to improve gastrointestinal functioning and nutrient 
use[reviewed by 18, 19].  
Digesta transit in chickens: From beak to cloaca AND reverse 
The digestive system of chickens differs considerably from that of other monogastric animals. Soluble 
and insoluble fractions of the digesta are diverged into different sections of the digestive tract by 
distinctive intestinal contractions and filtering mechanisms[22, 23]. Reverse peristalsis of the intestine, 
causes digesta to flow in reverse direction (reflux). In this way, digesta retention time can be adapted 
to the type of feed[25], presumably to optimize nutrient digestion or gut health.  
Three major sites of reverse peristalsis in the digestive tract of birds are identified[23]. First, reflux of 
contents from the gizzard (the muscular stomach) to the proventriculus (glandular stomach) facilitates 
grinding and compensates for the bird’s lack of teeth. Second, reflux from the small intestine into the 
gizzard and proventriculus enhances mixing of digesta and exposure to digestive juices[reviewed by 18, 19]. 
Third, reflux from the cloaca through the colon selectively delivers soluble contents, such as soluble 
fibers, to the ceca[21, 26-28]. This so-called hindgut reflux plays a crucial role in the degradation of nutrients 
that cannot be digested by the bird itself and have to be fermented by the microbes residing in the 
ceca[reviewed by 29, 30]. Also, reflux of urine from the cloaca to the ceca, represents a mechanism for 
recycling of urinary nitrogen (N) in a way analogous to urea recycling in mammals[31]. Microbes in the 
ceca can degrade this urinary-N and use the generated ammonia for protein synthesis[a.o.32, 33, 34]. The 
resulting microbial biomass can potentially become available to the host as N-source[reviewed by 30, 31]. In 
this way, birds are capable of using non-protein nitrogen as source for amino acid synthesis when 
dietary protein supply is limited[32, 35], although the contribution of urinary nitrogen to the total nitrogen 
supply in the bird has never been quantified. 
Recent literature highlights the importance of dietary fibers for the regulation of digesta flow in the 
upper digestive tract[14, 18, 19], but fiber may also be important for the regulation of  digesta transit in 
other GIT segments. The meshwork of ridges and villi at the opening of the ceca, prevents coarse 
particles from entering and hindgut reflux seems restricted to fluids and small particles (<0.2mm)[22]. 
Thus, physical properties of the feed, such as particle size, solubility, and viscosity likely influence also 
hindgut reflux[36, 37]. High fiber diets exacerbate the separation of solid and soluble GIT contents, 
possibly because of increased reverse flow of gut contents[26]. In addition, the amount of fiber directed 
to the ceca, seemed to be influenced by fiber content and fiber properties[21]. 
 
Analyses of dietary fiber and its degradation 
The generic term fiber encompasses a very diverse group of polymers, with varying physicochemical 
properties. Traditional analytical methods to analyze fiber, as crude fiber (CF) and neutral detergent 
fiber (NDF), recover only a variable part of the fiber fraction which hampers prediction of the nutritive 
value of fiber fractions from raw materials in poultry diets[9]. In order to more accurately predict the 
nutritive effect of fiber from raw materials, a better characterization of fiber fractions, their degradation 
in the chicken, and their physiological effects are required. For scientific purposes, the enzymatic-
chemical (Englyst or Uppsala) methods are more appropriate, whereas for routine analyses the AOAC 
(2009.01/2011.25) method for total, insoluble, and soluble dietary fiber can be used. 
The separation of solid and soluble digesta fractions in the chicken GIT, may complicate digestion 
studies, particularly, but not exclusively, when fiber degradation is the matter of interest[26]. Unrealistic 
high ileal and cecal digestibility values for NSP, sometimes exceeding total tract digestibility[8, 16, 26, 38], 
clearly indicate that that the traditional marker method maybe inadequate to measure fiber degradation 
along the GIT in chicken. In future research, a dual phase marker system combined with mathematical 
modelling of digesta flow pathways, quantitative digesta collection, and stable isotope methods can be 
helpful to keep track of fiber fractions along the GIT[39]. For the measurement of total tract degradation 
of NSP, separation of digesta fractions does not have to be an issue provided that the collection time is 
sufficiently long and a representative sample of the excreta is collected. Short collection periods at single 
time points may promote selective recovery of excreta due to irregular evacuation of the ceca[40, 41], 
resulting in considerable over- or underrepresentation of cecal contents and erroneous digestibility 
estimates[reviewed by 9].  
 
Fiber degradation in chickens 
Degradation of NSP in the animal depends to a large degree on the original cell wall matrix in which the 
polysaccharides are embedded[42]). Although it has been suggested that considerable NSP may be 
degraded in the upper GIT, presumably by microbial degradation in the crop[16], quantitative information 
on degradation of NSP in the crop is lacking. Considering the limited retention time in the crop under 
practical feeding regimes[43-47], substantial NSP degradation in the crop seems unlikely. Hence, it 
generally assumed that fiber is majorly fermented in the ceca[30], where digesta may be retained for up 
to 24h or longer, with a mean retention time of 7 to 15h (Figure 2)[24, 48]. As ceca access is restricted to 
fluids and small particles in chickens, it follows that NSP should be solubilized or finely ground in order 
to be fermented. However, a substantial fraction of canola meal NSP that were solubilized during transit 
through the GIT, remained undegraded in broilers[49] indicating that also the time available for 
fermentation or the lack of appropriate enzyme activities are possible limiting factors in NSP degradation.  
Coefficients of apparent total tract digestibility (CATTD) of NSP in chicken, as reported in literature 
range between 0 and 0.4 and generally reflect differences in solubility of the NSP fractions of the various 
feed ingredients (Figure 1). Degradation of NSP is particularly low (0-0.1) in diets containing poorly 
solubilizable NSP from ingredients as maize or some sources of canola meal([15, 17, 20, 21], whereas higher 
CATTD of NSP (0.2-0.4) are found for diets that contain more soluble NSP, originating mainly from 
cereal grains as barley, oats, wheat, and rye. Degradability of NSP from diets containing pea fiber in 
the study of Jørgensen et al. (1994)[3] are lower than expected based on the NSP solubility. Apparently, 
the soluble NSP of this product, which is produced by water extraction of peas and has a high water-
binding capacity, were poorly degraded and likely pea fiber even impeded degradation of barley NSP.  
 
The degradation of certain fibers, may also depend on the presence of other fibers in the diet, 
presumably due to effects on digesta flow and retention time or microbial colonization in the GIT[24, 50]. 
In common feed practices, NSP-degrading enzymes are usually added to broiler and laying hen diets. 
The use of such enzymes can facilitate degradation of specific NSP structures, when either appropriate 
enzyme activities are lacking or when time is limiting their full operation. Although such enzymes are 
traditionally added to reduce the viscosity of the digesta matrix for cereal-based diets, also the 
Figure 1. Coefficients of apparent total tract digestibility (CATTD) of non-starch polysaccharides (NSP) in 
chickens for diets with varying in NSP solubility (soluble to total NSP ratio). Data from: Jamroz et al., 2002[8]; 
Jørgensen et al., 1996[3]; Meng et al. 2006[13]; Meng and Slominski, 2005[15]; Petterson and Ǻman, 1989[16]; 
Slominski et al., 1994[17];  and  Slominski and Campbell, 1990[20]; de Vries et al., 2014[21]; and de Vries et al., 
unpublished[24].  
fermentability of the fiber fraction can be affected. Depending on e.g. the NSP source and the type of 
enzymes used, CATTD of NSP can be improved over 0.2 units in broilers[13, 21, 51-54], whereas the effect 
in adult birds can be even greater[13, 20, 55]. Effects of common feed processing technologies on fiber 
degradation are typically smaller, and generally mainly affect easily solubilizable NSP such as cereal β-
glucans[42]. 
 
 
 
Figure 2. Recovery of chromium and cobalt in ceca of 35d broiler chickens after feeding a pulse dose of solid 
(Cr2O3) and soluble (Co-EDTA) markers. Birds were fed a wheat-soybean meal-maize based control diet (a), or the 
control diet diluted with 3% sugar beet pulp (b), oat hulls (c), or rice hulls (d). Data are presented as means. Error 
bars represent SEM.  
Conclusion 
The generic term fiber encompasses a very diverse group of polymers, with varying physicochemical 
properties. Not only the quantity of fiber, but also the type of fiber will determine the digestive utilization 
of the diet and, hence, affect its nutritional value, either positively or negatively. Coefficients of apparent 
total tract digestibility of NSP in chicken range between 0 and 0.4 and generally reflect differences in 
solubility of the fiber fraction. Besides, physical entanglement of polysaccharides in the cell wall matrix 
also time available for fermentation and the absence of appropriate enzyme activities as determined by 
the microbial colonization in the gastrointestinal tract are possible limiting factors for NSP degradation.  
Although the importance of dietary fibers to contribute to the nutrient supply in chickens is rather limited 
when compared with other species[56], recent literature highlights the importance of dietary fibers for 
the regulation of digesta flow in the upper digestive tract[14, 18, 19], mainly through a prolonged retention 
of digesta in the gizzard. Furthermore, high fiber diets promote the separation of solid and liquid digesta 
and the amount of fiber directed to the ceca, seems to be influenced by fiber properties, as particle size 
and solubility[21, 26].  
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